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[57] ABSTRACT

A leadless integrated circuit chip carrier apparatus and
method of assembly to a printed circuit board. A plural-
ity of castellations are provided in the perimeter walls
of the carrier member and solder preforms are deform-
ably fitted in the castellations for reflow vapor phase
soldering to the printed circuit board. A spacer member
is disposed between the carrier member and the printed
circuit board and has a thermal coefficient of expansion
matched to that of the solder. The spacer includes a
high thermal conductivity planar metal portion sand-
wiched between an adhesive epoxy layer which facili-
tates assembly of the carrier to the circuit board.

3 Claims, 2 Drawing Figures
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LOW STRESS LEADLESS CHIP CARRIER AND
METHOD OF ASSEMBLY

BACKGROUND OF THE INVENTION

The present invention relates to integrated circuit

assembly and packaging, and more particularly to the

mounting of leadless integrated circuit chip carriers
upon a printed circuit board.

The most widely utilized integrated circuit package
presently is the dual-in-line package where the electri-
cal leads extend from the package in two aligned paral-
lel arrays from opposed sides of the package. The elec-
trical leads extend downward to permit insertion into
and connection with printed circuit board mounting
holes. These electrical leads are subject to distortion
during handling and can create problems in automated
assembly systems. |

A more recent package for such integrated circuit
chips is the leadless chip carrier, in which the IC chip is
mounted on one side of an insulating chip carrier with
generally planar electrical connections between the
chip periphery leads and a conductor pattern on the
carrier. The chip carrier carries the conductor pattern
to the opposite side of the carrier, typically by way of a
plurality of castellations formed in the perimeter of the
chip carrier, and with the conductor pattern extending
down along the castellations. The leadless chip carrier
is then aligned over the mounting pads or conductor
pattern on the printed circuit board and soldered
thereto. |

The present techniques for attaching the leadless
carrier to the printed circuit board substrate and making
electrical connection include the screening of solder
paste on the substrate, placing the carrier in the solder
paste, and reflowing the solder by vapor phase reflow
process. The carriers can be pretined and then placed in
screened on solder paste on the substrate and the solder
reflowed.

In general, prior art techniques for mounting leadless
chip carriers have been found inadequate. The solder
connection at the carrier perimeter is the primary ther-
mal conduction path from the IC chip to the mounting
substrate since the carrier is spaced above the substrate
by the height of the solder connection. This provides a
substantial lateral thermal path from the IC during op-
eration to the substrate, which may have cooling fins on
the opposed substrate surface.

It 1s also difficult to control the amount of solder
which forms the electrical connection between the car-
rier conductor pattern and the printed circuit board
conductor pattern. Differing amounts of solder tend to
be applied to portions of the carrier, and a limited
amount of solder can be applied which resuits in the
leadless carrier being spaced above the substrate by a
small distance which is the height of the solder. When
there is a mismatch in thermal expansion between the
leadless carrier and the substrate, significant stress is
generated in the solder joint which can result in fatigue
and cracking after numerous thermal cycles.

It 1s difficult to maintain the leadless carrier in proper
alignment with the substrate conductor during vapor
phase reflow soldering since the vapor as it condenses
on the substrate can float the carrier, permitting its
movement from the desired aligned location.
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2
SUMMARY OF THE INVENTION

The present invention 1s a leadless carrier structure
and method of assembly which provides a short, direct
thermal path between the carrier and the substrate, and
provides low stress solder connections between the
carrier and the printed circuit board.

The leadless chip carrier includes a plurality of castel-
lations or arcuate portions in the perimeter walls of the
insulator body of the carrier, with solder preforms pro-
vided in these carrier castellations which are to be
aligned with and electrically connected to the substrate
conductive pattern on the circuit board. A spacer of
predetermined thickness is disposed on the underside of
the carrier. The spacer comprises a high thermal con-
ductivity planar metal portion sandwiched between
adhesive layers which are used to attach the spacer to
the underside of the carrier and to the substrate. The
spacer thickness 1s selected to provide a solder connec-
tion between the carrier and the substrate of a height
such that stress in the solder connection is minimized.
The spacer serves as an efficient thermal conduction
path from the carrier to the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side elevation view showing a leadless
chip carrier assembled per the present invention to a
printed circuit board with thermal conduction means.

FIG. 2 1s an enlarged perspective view of the carrier
illustrating the solder preforms fitted in the perimeter
wall castellations. |

DESCRIPTION OF THE PREFERREDH
EMBODIMENT

The invention can be understood by reference to the
exemplary embodiment seen in the drawings. In FIG. 1,
an integrated circuit (IC) chip 10 is mounted on a lead-
less chip carrier 12. The carrier 12 is an insulating body
with the chip 10 mounted on the top surface 14 of the
carrier. A plurality of arcuate side wall portions or
castellations 16 are formed in the perimeter walls 18 of
the carrier. A conductor pattern 13 1s provided on the
top surface 14 of the carrier, with the chip periphery
lead pattern electrically connected to the carrier con-
ductor pattern as by soldering.

As seen in FIG. 2, prior assembly of the chip carrier
on the printed circuit board, solder preforms 20 are
fitted into the carrier castellations 16. The solder pre-
forms 20 may be cylindrical bodies which are force
fitted and held in place by deformation of the solder
preform. B ~

A spacer means 22 is disposed between the bottom
surface 24 of the carrier 12 and the printed circuit board
substrate 26. The spacer means 22 comprises a high
thermal conductivity planar metal layer 28 sandwiched
between adhesive epoxy layers 30 and 32. When the
carrier 12 1s properly aligned over the printed circuit
board substrate with the spacer means therebetween,
the respective epoxy layers 30 and 32 are cured to at-
tach layer 30 to the carrier, and layer 32 to the substrate
26. This mechanically fixes the carrier in place with the
spacer means 22 defining a predetermined dimension
between the carrier and the substrate. This predeter-
mined dimension 1s selected to provide the desired sol-
der connection height or thickness which minimizes
thermally induced stress in the solder connection. The
spacer thickness is preferably about 0.015 inch, and
following reflow of the solder preforms, the solder
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" connections 34 of the height exhibit significantly re-
" duced shear stress. The spacer means thermal expansion
is made approximately equal to that of the solder.

- By way of example, the solder preforms are conven-
- tional 63 percent tin - 37 percent lead low-temperature
- solder. The spacer, by way of example, comprises a
0.010 inch thick metal layer of aluminum, beryllium-

copper, or copper clad iron; with the layer of epoxy on

both sides. The total spacer thickness is about 0.015 inch
- thick including both epoxy layers Conventional epoxy
- materials were utilized.

10

~ A plurality of plated through holes 36 are provided .

'through the substrate 26 to facilitate thermal conduc-

~ tion to the fin stock heat exchange means 38 provided

~on the underside of the substrate 26. An efficient ther-
~ mal conduction path is provided from the chip through
the carrier and - thermally conductive spacer, and
through the substrate to the heat exchange means.
What we claim 1s:

1. An mtegrated circuit chip carrier for mounting and
“electrically connecting the integrated circuit chip to a
~printed circuit board conductor pattern, which carrier
comprises a leadless carrier member having a conduc-

~~ tive path disposed on a top surface with the integrated

- circuit chip mounted on this top surface with chip
contacts electrically connected to the conductive path,
and wherein a plurality of castellations are provided in
the perimeter walls of the carrier with reflowed solder
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conductor means extending along the castellated perim-
eter wall portions and electrically connecting the car-

rier top surface conductive path with the printed circuit
board conductor pattern and a spacer member is dis-
posed between the under surface of the leadless carrier

‘member and the printed circuit board, which spacer

member comprises a high thermal conductivity planar
metal portion sandwiched between adhesive insulating
layers on either side of the planar metal portion which
spacer member is about 0.015 inch thick, with solder

connections extending between the printed circuit

board and the carrier castellations, with the thermal
exPanswn coefficient for the spacer matched to that of
the solder and the thickness of the spacer member defin-
ing a solé'ler connection height providing a low siress
solder connection. -

2. The 1ﬁtegrated circuit chip carrier set forth in clalm
1, mounteé on and electrically connecting the chip to
the conductive portion of a printed circuit board,
wherein a plurality of apertures are provided through

- the printed circuit board beneath the spacer, with ther-
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mally condictive material plated in such apertures.

3. The integrated circuit chip carrier set forth in claim
2, wherein heat exchange means are provided on the
side of the printed circuit board opposed to the side

upon which the chip carrier is disposed.
¥k k k¥
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